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BACKGROUND 

10 1 . Field of the Invention : 

This invention relates to packaging of semiconductors in general, and in par- 
ticular, to a very thin, small outline, thermally enhanced semiconductor package hav- 
ing a coined leadframe that provides a die pad with an exposed surface and features 
that lock the leadframe more securely to the plastic body of the package. 

15 

2. Description of the Related Art : 

Integrated circuits ("ICs") are formed on a single die, or "chip," cut from a 
semiconductor wafer containing a large number of identical dies. The dies are rela- 
tively small and fragile, are susceptible to harmful environmental elements, particu- 

20 larly moisture, and generate a relatively large amount of heat in a relatively small vd- 
ume during operation. Accordingly, ICs must be packaged in affordable, yet robust 
packages that protect them from the environment, enable them to be reliably mounted 
to and interconnected with, for example, a printed circuit board ("PCB") populated 
with associated electronic components, and to effectively dissipate the heat they gen- 

25 crate during operation. 



Leadframe types of semiconductor packages are well known and widely used 
in the electronics industry to house, mount, and interconnect a variety of ICs. A con- 
ventional leadframe is typically die-stamped from a sheet of flat-stock metal, and in- 
cludes a plurality of metal leads temporarily held together in a planar arrangement 
5 about a central region during package manufacture by a rectangular frame comprising 
a plurality of expendable "dam-bars." A mounting pad for a semiconductor die is sup- 
ported in the central region by "tie-bars 1 ' that attach to the frame. The leads extend 
from a first end integral with the frame to an opposite second end adjacent to, but 
spaced apart from, the die pad. 

10 During package manufacture, an IC die is attached to the die pad. Wire- 

bonding pads on the die are then connected to selected ones of the inner ends of the 
leads by fine, conductive bonding wires to convey power, ground, and signals between 
the die and the leads. 

A protective body of an epoxy resin is molded over the assembly to enclose 

15 and seal the die, the inner ends of the leads, and the wire bonds against harmful envi- 
ronmental elements. The rectangular frame and the outer ends of the leads are left ex- 
posed outside of the body, and after molding, the frame is cut away from the leads and 
discarded, and the outer ends of the leads arc appropriately formed for interconnection 
of the package with other, associated componentry. 

20 In a variant of the above configuration, viz.. a "land grid array" ("LGA"), or a 



entirely from the package, and a terminal, or "land," is provided on the lower surface 
of the leads and exposed through the lower surface of the body for mounting and inter- 
connection of the package to a PCB. In yet another variation, the die pad is "down-set" 
relative to the plane of the leads such that its lower surface is exposed through the 
5 lower surface of the body for enhanced dissipation of heat from the die. 

While the foregoing prior art package configurations provide a reasonable 
compromise between packaging cost and performance, they also include some recog- 
nized problem areas where there is a long-felt need for improvement. One of these re- 
lates to the problem of making reliable wire bonds to leads that have been made ex- 

10 tremely narrow to accommodate an extremely fine lead pitch. In particular, as package 
sizes decrease, lead densities remain the same or even increase. In response, leads are 
made much narrower so that they can be placed closer together. At some limiting 
width and pitch of the leads, the leads become so narrow and close together that it is 
difficult to make wire bonds to them reliably. It is therefore desirable to provide a 

15 leadframe design that can accommodate very narrow, closely pitched leads, yet one in 
which reliable wire bonds can be made to the leads. 

Another problem relates to delamination of the leadframe components from the 
plastic package body, and the attendant problem of penetration of the package by 
moisture. In particular, the various parts of a semiconductor package experience 

20 greatly different amounts of thermal expansion and contraction with temperature 



changes due to the relatively large differences in the coefficients of thermal expansion 
of their respective materials, e.g., metal, epoxy resin, and silicon. 

As a result, the leadframe components can become delaminated from the pack- 
age body with temperature cycling of the package during manufacture or operation. 
5 Where delamination occurs at a boundary of the package body, a microscopic crack is 
created for the penetration of the package by moisture. This penetration can wreak a 
two-fold assault on the package: First, the moisture can corrode any metallizations 
present in its path, resulting in subsequent current leakage through the corrosive path; 
second, the moisture can expand and contract with temperature cycling of the package, 
10 resulting in further propagation of the cracks into the package, and hence, further 

penetration of the package by moisture. It is therefore desirable to provide a leadframe 
design that more securely locks the leadframe components to the plastic body of the 
package, thereby effectively reducing both the amount of delamination of the lead- 
frame from the body and the resulting penetration of the body by moisture. 

15 

BRIEF SUMMARY OF THE INVENTION 
The present invention includes a very thin, small outline, thermally enhanced 
semiconductor package having a leadframe that provides locking features on a plural- 
ity of extremely narrow, closely spaced leads and on an exposed die pad to improve 
20 mechanical locking betw een the leadframe and the plastic body of the package. The 
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the package body and increases the resistance of the package to penetration by mois- 
ture. 

The novel leadframe is made by patterning a metal plate to form: a rectangular 
frame around a periphery of the plate; a plurality of leads, each having an outer end 
5 integral with the frame and an inner end extending toward a central region of the 

frame; and a die pad disposed in the central region of the frame and adjacent to the in- 
ner ends of the leads. The die pad is attached to the frame or to two or more of the 
leads by two or more tie-bars. 

A locking pad is coined into qn outer end portion of each lead adjacent to the 

10 frame, a bonding pad is coined into in inner end portion of each lead adjacent to the 
die pad, and a recessed shoulder is coined into the lower surface of the die pad around 
a central portion thereof. The bonding pads increase the area of the leads adjacent to 
the die pad to enable reliable bonds to be made to the leads. The locking pads, bonding 
pads, and recessed shoulder provide locking steps in the leadframe and increase the 

15 area of adhesion between the leadframe and an over-molded plastic body to lock the 
two together more securely and increase their resistance to delamination and the sub- 
sequent penetration of the package by moisture. A mounting and interconnection land 
is defined on the lower surface of each lead between the locking pad on its outer end 
and the bonding pad on its inner end, 

20 A semiconductor package is formed on the leadframe by attaching a scmicon- 



the bonding pads, and molding a body of an insulative plastic over the die, the die pad, 
and the leads such that the locking pads, the bonding pads and the recessed shoulder 
on the lower surface of the die pad are covered by and interlock with the plastic body. 
The rectangular frame is exposed at a lateral periphery of the body for its subsequent 
5 removal, and the lands and the central portion of the lower surface of the die pad are 
exposed through a lower surface of the body for their subsequent attachment to a PCB. 

A better understanding of the present invention may be had from a considera- 
tion of the detailed description below, particularly if such consideration is made in 
conjunction with the drawings. 

10 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
Figure 1 is a plan view of a ductile metal plate from which the leadframe of the present 
invention is etched; 

Fig. 2 is a plan view of the leadframe of the present invention resulting from the etch- 
15 ing of the plate shown in Fig. 1 ; 

Figs. 3 and 4 arc top and bottom plan views, respectively, of the leadframe of the pres- 
ent invention after coining of the leadframe shown in Fig. 2; 
Fig. 5 is a top plan view of the leadframe seen in Fig. 3 show ing the attachment of a 
semiconductor die thereto; 
20 Fig. 6 is a cross-sectional, elevation view of the leadframe of the present invention 



Fig. 7 is a cross-sectional, elevation view of one embodiment of a semiconductor 

package in accordance with the present invention, shown mounted to a PCB; 
Fig. 8 is a side elevation view of the semiconductor package shown in Fig. 7; and, 
Fig. 9 is a bottom plan view of the semiconductor package shown in Figs. 7 and 8. 

5 

DETAILED DESCRIPTION OF THE INVENTION 
Figures 1-5 show in plan view the sequential fabrication and partial assembly 
of one embodiment of the novel leadframe 10 of the present invention. Fabrication of 
the leadframe begins with the provision of a thin, polygonal plate 12 of a ductile metal 
10 (Fig. 1), which is then patterned to form the nascent leadframe 10 (Fig. 2). 

In the exemplary square embodiment illustrated in Fig. 1, the plate 12 is about 
0.254 millimeters ("mm") thick, about 4 mm on a side, and made of a copper alloy. 
Other metals suitable for use in the leadframe 10 include aluminum and iron-nickel 
(Kovar) alloys. 

15 Figure 2 is a top plan view of the leadframe 10 patterned from the plate 12 

shown in Fig. 1. The leadframe 10 comprises a rectangular frame 14 defined around a 
periphery of the plate 12; a plurality of leads 16, each having an outer end portion 18 
integral with the frame 14 and an inner end portion 20 extending tow ard a central Re- 
gion of the frame, the center of which is marked by a cross; and, a die pad 22 disposed 

20 in the central region of the frame and adjacent to the inner ends of the leads. In the 



embodiment illustrated, the die pad 22 is attached directly to the frame 14 by two or 
more tie-bars 24, or indirectly through two or more of the leads 16, as shown in Fig. 2. 

In the exemplary embodiment illustrated in Fig. 2, the leads 16 are about 
0.178 mm wide, about 0.254 mm long, and spaced at a pitch of about 0.500 mm. The 
5 die pad 22 is about 2.120 mm on a side. The leadframe 10 can be patterned from the 
plate 12 by, e.g., die-stamping, etching, using photolithography techniques, electrical 
discharge machining ("EDM"), or by laser-beam cutting. 

Those of skill in the art will recognize the difficulty of making reliable wire 
bonds to the very narrow, closely pitched leads 16. To overcome this problem, and to 
10 provide features on the leadframe 10 for more effectively locking the leadframe to a 
plastic package body 66 (shown as broken outline in Figs. 2-5) molded over it, the 
leadframe is subjected to a coining process, which is illustrated in an enlarged cross- 
sectional view in Fig. 6. 

As shown in Fig. 6, after patterning, the planar leadframe 10 is placed between 
1 5 the opposing faces of an upper coining die 26 and a lower coining die 28. The upper 

face 30 of the lower die 28 includes three raised surfaces 32, 34, 36 that, in a plan view 
(not illustrated) comprise three concentric rectangles. The opposing lower face 38 of 
the upper die 26 is substantially flat. 

Since the metal of the leadframe 10 is substantially incompressible, the effect 
20 of the local coining forces exerted by the dies on a given volume of the metal is to 
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displace the metal laterally wherever such flow is unrestricted, i.e., its thickness is de- 
creased, its length and/or width is increased, while its volume remains the same. 

Thus, when the two dies 26, 28 are brought together forcefully in the direction 
of the arrows shown, the raised surface 32 coins a locking pad 40 into the outer end 
5 portion 18 of each lead 16 adjacent to the frame 14; the raised surface 34 coins a 
bonding pad 42 into the inner end portion 20 of each lead 14 adjacent to the die pad 
22; and, the raised surface 36 coins a recessed shoulder 44 into the lower surface of the 
die pad 22 around a central portion 46 thereof. A mounting and interconnection land 
48 is also defined on the lower surface of each lead 16 between the locking pad 40 on 

10 its outer end 18 and the bonding pad 42 on its inner end 20. 

Figures 3 and 4 are top and bottom plan views, respectively, of the leadframe 
10 after coining, and show the spatulate locking pads 40 and bonding pads 42 on the 
opposite ends of the respective leads 16, and the recessed shoulder 44 on the die pad 
22, resulting from the coining process. An enlarged cross-sectional view of the coined 

15 leadframe 10 is shown in Fig. 7. 

It will be noted that the upper surface of the leadframe 10 remains substantially 
planar after coining, whereas, the lower surface of the leadframe comprises a plurality 
of stepped, or recessed, plateaus where coining has taken place, as shown by the cross 
hatched areas in Fig. 4, In the particular embodiment illustrated in the figures, the 

20 lower surfaces 50 of the locking pads 40 are coined to a depth of about 0.076 mm, the 



the lower surface 54 of the recessed shoulder 44 is coined to a depth of about 
0.051 mm. 

The plurality of steps created in the leads 16 and the die pad 22 by these re- 
cessed surfaces, combined with the increased adhesion area of the surfaces defining 
5 them, act as "keys" to more effectively lock the leadframe 10 into a surrounding body 
of plastic and thereby resist delamination between the two. This increased adhesion 
also increases the resistance of the package to the propagation of cracks from an exte- 
rior boundary of the package, and hence, a subsequent penetration of the package by 
moisture. Additionally, the bonding pads 42 effectively enlarge the inner end portions 

10 20 of the leads 16 immediately adjacent to the die pad 22 so that reliable wire bonds 
can easily be made to the otherwise extremely narrow leads. 

Figure 5 illustrates the attachment of a semiconductor die 56 to the upper sur- 
face of the die pad 22. The die 56 may be attached with a layer of an adhesive 58 (see 
Fig. 7), a layer of a double-backed adhesive tape, or by soldering it to the die pad. The 

15 die 56 is electrically connected to the leads 16 by a plurality of conductive wires 60 
bonded at opposite ends to contact pads 62 on a top surface of the die and selected 
ones of the bonding pads 42 on the leads, respectively (see Fig. 5). The wire bonding 
can be effected using cither ultrasonic or thermo-comprcssion bonding techniques. It 
may be noted that the bonding pads 42 on the leads 16 connected to the tie-bars 24 

20 make ample provision for the "down-bonding" of grounding wires 64 from the die 56 
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After the die 56 has been attached to the die pad 22 and wire bonded to the 
leads 16, the leadframe 10 is placed in the cavity of a clam-shell mold (not illustrated), 
and a molten, insulative plastic, e.g., an epoxy resin, is injected into the cavity to form 
a protective body 66 over the die, the die pad, and the leads to seal and protect them 
5 from the environment. The plastic body 66 of the resulting semiconductor package 68 
completely envelopes the leadframe 10 such that it surrounds the locking pads 40, the 
bonding pads 42, and the recessed shoulder 44 on the lower surface of the die pad and 
interlocks with them to resist delamination between the body and the leadframe. The 
rectangular frame 14 (shown dotted in Fig. 7) of the leadframe 10 is exposed outside 

10 of the lateral periphery of the body 66, and is subsequently cut away from the body and 
discarded in a finishing operation to leave the outer ends 70 of the locking pads 40 ex- 
posed through the side surfaces 72 of the package 68 (see Fig. 8). The central portion 
46 of the lower surface of the die pad 22 and the rectangular lands 48 on the lower sur- 
faces of the leads 16 are exposed through the lower surface 74 of the body 66 (see Fig. 

15 9) for their subsequent attachment to a PCB 76, as illustrated in the cross-sectional 
view of Fig. 7. The mounting and interconnection lands 48 and the exposed central 
portion 46 of the die pad 22 can be attached and electrically connected to the PCB by a 
solder joint, or, in a low temperature attachment, by a layer 78 of a filled, electrically 
and thermally conductive adhesive. 



The thin, small outline, LGA semiconductor package 68 incorporating the 
coined leadframe 10 of the invention and shown in Figs. 7-9 is about 4 mm on a side , 
and about 1 mm thick. 

Those skilled in the packaging art will understand that many variations of the 
particular embodiments of the novel leadframe and package illustrated and described 
herein are possible, depending on the particular problem at hand. For example, al- 
though a square package 68 is illustrated in the figures, a rectangular or polygonal 
package is easily confected in accordance with teachings herein. Similarly, fewer or 
greater numbers of leads 16 can be incorporated into the package, on either two, or all 
sides thereof. Further, the leads 16 can be extended outside of the body 66 of the pack- 
age 68 and the lands 48 over-molded with plastic to yield a package with peripheral 
leads, such as those found in a conventional "quad-flat" package. 

Accordingly, the particular embodiments illustrated and described herein 
should be understood as exemplary in nature only, and not as limitations on the scope 
of the invention, which is defined instead by that of the claims appended hereafter. 



